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Abstract— Shunt FACTS devices offer highest benefit when 

placed at the centre on a long length transmission line [68] 

and off-centre location on a long transmission line [12]. 

When these FACTS devices along with PSS are used with 

the hybrid power system i.e. with hydro and wind 

generators, it gives comparatively better results when 

compared to system without these devices. 
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I. INTRODUCTION 

For past years, the world has changed very rapidly and 

massive developments have taken place in several countries. 

To support all these progressive developments, an enormous 

amount of electrical energy is needed. That is why presently 

the power system becomes more complex and large, to 

guarantee sufficient energy for all activities for 

developments. [2] Due to this complexity, the power 

engineers would face troubles like power system stability 

and quality of supply. This paper is primarily concerns on 

the effects of Flexible AC Transmission System (FACTS) 

on the transient stability of the system during abnormal 

conditions. 

The flexible AC transmission system (FACTS) are 

nowadays recognized as a practical solution for controlling 

the transmission line voltage, flow of power, transient 

response etc and signify a new time for transmission 

systems. It uses high current and high power electronic 

devices for controlling the power flow, voltage etc of a 

transmission system. FACTS devices are extremely efficient 

and capable of increasing the power transfer capability of a 

line while maintaining the equal degree of stability [5]. SVC 

and STATCOM are connected in shunt with the system so 

they called shunt FACTS devices. Although the primary 

purpose of shunt FACTS devices is to maintain bus voltage 

by injecting or absorbing reactive power, they are also able 

to improve the transient stability of the system by increasing 

or decreasing the power transfer capability when the 

mechanical angle of the machine increases or decreases, 

which can be achieved by using the shunt FACTS devices in 

capacitive or inductive mode [2, 3, 4]. 

A STATCOM is a controlled source of reactive 

power having a Voltage Source Converter (VSC) connected 

to the power network through impedance. By changing the 

amplitude of the VSC output voltage, it can absorb or 

generate the required amount of reactive power. STATCOM 

is also used in distribution networks, primarily to improve 

quality of the supply and reduce fluctuations using fast pulse 

width modulation (PWM) control. This paper gives the 

advantages of midpoint siting of STATCOM on a 

transmission line with a predefined flow of real power. Here 

a three phase fault is considered with a two area simulated 

machine model and comparing the results with and without 

STATCOM for the actual long transmission line model. 

II. TRANSMISSION LINE MODEL 

Here, a transmission line is modeled by a two-port, four 

terminal network as shown below [9]: 

 
Fig. 1: Two port four terminal model of transmission line 

Transmission lines are operated with a three phase 

balance load [1]; therefore the analysis can continue on a per 

phase basis. A transmission line on a per phase basis can be 

considered as a two port network, in which the sending end 

voltage VS and current IS are related to the receiving end 

voltage VR and current IR through ABCD constants. 

VS = AVR+ BIR  (1) 

IS = CVR  + DIR  (2) 

The ABCD constants of a line of length L, having a 

series impedance of Z Ω/km and shunt admittance of Y 

S/km are given by 

A=D=cosh (γ L) 

B=ZC sinh (γ L) 

C =
1

Zc
sinh (γ L) 

Where, 

ZC = characteristic  impedance  of  the  line  

= √ (Z/Y)  

γ = propagation constant  

= √ (ZY) 

Z = series impedance/unit length/phase Y = shunt 

admittance/unit length/phase L = length of transmission line 

= phase constant  

= attenuation constant  

The active and reactive power flows at the sending 

end and receiving end of the line can be written as 

PS = C1 Cos (β – α) – C2 Cos (β – δ) QS = C1 Cos (β – α) – 

C2 Cos (β +δ) 

PR = C2 Cos (β – δ) – C3 Cos (β – α) QR = C2 Cos (β – δ) – 

C3 Cos (β –α) 

Where 

C1= A V2
S/B, 

C2 = VSVR/B, 

C3 = AV2
R/B 

And 

A = A ∠α,   B = B∠β, 

VR = VR ∠0,  VS = VS ∠δ 
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From equation (4), it is clear that receiving end 

power will be maximum when the value of load angle δ is 

equal to β but sending end power in equation becomes 

maximum at δ = 180 – β. Here we considered a two machine 

power network having capacity of 1400 MVA and 700 

MVA respectively. A transmission line of 500 km length is 

taken and a STATCOM is connected at the midpoint of the 

transmission line [9, 1]. 

III. STATCOM 

The STATCOM [6] is a solid state synchronous voltage 

source which generates a balanced set of three sinusoidal 

voltages with quickly controllable amplitude and phase 

angle at the fundamental frequency [2, 3]. The configuration 

of a STATCOM is shown in fig. 2. It consists of a voltage 

source converter (VSC), a coupling transformer and a dc 

capacitor. Control of reactive power and hence the 

susceptance presented to power system can be possible by 

change in the magnitude of output voltage (VVSC) with 

respect to voltage of the bus and hence operating the 

STATCOM in inductive or capacitive region [4]. 

 
Fig. 2: Schematic diagram of STATCOM 

A. Hybrid Power System with STATOM and PSS 

 
Fig. 3: Hybrid power system with STATCOM 

A three phase fault, from t=2 to 5 sec., is 

considered at section 1 to see the importance of STATCOM 

in enhancement of rotor angle stability. A simulated model 

in MATLAB is made to check the result of the above 

statement. Figure 4 and 5 shows the variation of the rotor 

angle difference of the two machines with respect to time. It 

is clear from the figures below that the STATCOM with 

PSS is more efficient to improve transient stability of the 

considered hybrid power system. 

 
Fig. 4: Rotor angle difference without STATCOM and PSS 

 
Fig. 5: Rotor angle difference with STATCOM and PSS 

IV. CONCLUSION 

It is found that if STATCOM and PSS are installed at the 

bus where hydro generator1and wind generator is installed, 

system becomes transiently stable as shown in the results. 

The study has shown that FACTS devices obtain maximum 

benefits from their stabilized voltage support when used 

with PSS. The transmission line must be operating under the 

thermal limit and the transient stability limit. 
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